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Listing of Claims : 



Claim 1 . (Currently Amended) 





A catheter and console combination for mapping 
a chamber of a heart comprising: 

(a) a console comprising driver^ circuits 
operatively connected to /2X least one 
electromagnetic field generator for 
generating an electromagnetic field, the 
console also comprising a signal processor 
for determining location information; 

(b) a catheter comprising: 

(i) a b^kiy having a proximal end and a 
distal end, said distal end having a distal 




(4i) a contact electrode at said distal tip; 

(iii) an array of non-contact electrodes on 
said distal end of said body, said array 
having a proximal end and a distal end, 
wherein said non-contact electrodes are 
linearly arranged along a longitudinal 
axis of said body; and 

(iv) at least one location sensor on said distal 
end of said body for generating signals in 
response to the electromagnetic field 
which is used by the signal processor to 
determine a location of said contact 
electrode and a location of said non- 
contact electrodes, the location of the 
non-contact electrodes determined by 
said signal processor from said signals 
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Claim 2. (Currently 
Amended) 



Claim 3. (Currently 
Amended) 



Claim 4. (Currently 
Amended) 



Claim 5. (Currently 
Amended) 




V Claim 6. (Currently 
Amended) 



generated by said at least one location 
sensor, said signal processor usirig said 
location of the non-contacj/electrodes 
d e fining to define a cloud of space 
representing a minimmn volume of the 
chamber geometry^ the heart. 

The catheter and console combination of 
Claim 1 wherein / said at least one location sensor 
is proximate/to said catheter distal tip. 

The cajfeneter and console combination of 
Claifn 1 wherein said at least one Amended) 
cation sensor comprises a first location sensor 
and a second location sensor. 



The catheter and console combination of 
Claim 3 wherein s^^f^t^location sensor is 
proximate to sakjjgatfieter distal tip and said 
second location sensor is proximate to said 
proximal end of said array of non-contact 
'electrodes. 



The catheter of Claim 4 wherein, at least one of 
said first location sensor and said second 
location sensor prc^vicles six degrees of location 
information. 



The catheter and console combination of 
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Claim 7. (Currently 
Amended) 



Claim 8. (Currently 
Amended) 



Claim 9. (Currently 
Amended) 



Claim 10. (Currently 
Amended) 



Claimll. (Currently 
Amended) 



Claim 12. (Currently 
Amended) 



Claim 5 wherein said first location sensor and/ 
said second location sensor each provide six 
degrees of location information. 

The catheter and console combination iff 
Claim 3 wherein at least one of said first 
location sensor and said second location sensor 
is an electromagnetic location sensor. 

The catheter and console combination of 
Claim 1 wherein said dismal tip contact electrode 
is a bipolar electrode. 

The catheter and console combination of 
Claim 1 wherein /said electrode array comprises 
from about twelve to about thirty-two non- 
contact electrodes. 

The catheter and console combination of 
Claim 0 wherein said array comprises from 
about/feixteen to about twenty- four electrodes. 

The catheter and console combination of 
^laim 3 wherein said distal tip contact electrode 
is a bipolar electrode. 

A catheter and console combination comprising: 
fa) a console comprising driver circuits 
operatively connected to at least one 
electromagnetic field generator for 
generating an electromagnetic field, the 
console also 
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comprising a signal processor /for 
determining location information; 
(tO a catheter comprising: 

(i) a body having/k proximal 
end and a distal end, said 
distal end/naving a distal 
tip; 

an an&y of non-contact 
electrodes on said distal 
end of said body, said 
array having a proximal 
end and a distal end; 
wherein said non-contact 
electrodes are linearly 
arranged along a 
longitudinal axis of said 
body; and 

at least one location 
sensor proximate to said 
distal tip for generating 
signals in response to the 

electromagnetic field 

which is used by the 
signal processor to 
determine a location of 
said non-contact 
electrodes, the location of 
said non-contact 
electrodes determined by 
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Claim 13. (Currently 
Amended) 



Claim 14. (Currently 
Amended) 



Claim 15. (Currently 
Amended) 



ft^m 



said signal processor 
said signals generated by 
said at least one/location 
sensor, sai$r signal 
processor /using said 
location /of the non- 
contact/ electrodes 
defining to define a cloud 
of/ space representing a 
minimum volume of the 
chamber geometry of the 
heart. 

The catheter and console combination of 



Claim 12 wherein said at least one location 



r 



sensor comprises a first location sensor and a 
second location sensor. 



The^atheter and console combination of 
Cl^im 13 wherein said first location sensor is 
proximate to said catheter distal tip and said 
/second location sensor is proximate to said 
proximal end of said non-contact electrode 
array. 

The catheter and console combination of 
Claim 13 wherein at least one of said first 
location sensor and said second location sensor 
is an electromagnetic location sensor. 
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Claim 16. (Currently / 
Amended) A method for generating an electrical map/of a 

chamber of a heart, said map depicting an 

electrical characteristic of the chamber as a 

function of chamber geometry/ said method 

comprising the steps of: 

a) providing a catheter Comprising a body 
having a proximal end and a distal end, said 
distal end having/ a distal tip; a contact 

^ electrode at said/distal tip; an array of non- 

j contact electrifies on said distal end of said 

body, said array having a proximal end and a 
distal en^( wherein said non-contact 
electrodes are linearly arranged along a 
longitudinal axis of said body; and at least 
one/location sensor on said distal end of said 
body; 

b) advancing said catheter into said chamber of 
said heart; 

5) using a signal processor to determine 
determini ng a location of said contact 
electrode and a location of said non-contact 
electrodes using said at least one location 
sensor wherein the location of said non- 
contact electrodes defines a cloud of space; 

d) contacting a wall of said chamber of said 
heart with said contact electrode at a 
plurality of contact points; 

e) acquiring electrical information and location 
information from each of said electrodes and 
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said at least one location sensor, 
respectively, using the signal processor, said 
acquisition taking place over a^least one 
cardiac cycle while said contact electrode is 
in contact with each of said contact points; 
and 

f) determining a mininufm volume of said heart 
chamber geometry with the signal processor 
using the defined cloud of space from the 
location of said non-contact electrodes; 

. / 

g) generating/ an electrical map of said heart 
chamber^ from said acquired location and 
electrical information. 



Claim 17. (Original) 



The/method of Claim 16 wherein said at least 

;e location sensor comprises a first location 
isor and a second location sensor. 



Claim 18. (Original) 



Claim 19. (Original) 




Claim 20. (Original) 




A7""wherein said first 
hamate to said distal tip of 



The method of 
location sensj 
sai 

The method of Claim 18 wherein said^s€cond 
location sensor is proximate to the^proximal end 
of said array of nox^cox^^^Qz\xo^%. 

The method of Claim 19 wherein at least one of 
said first^lodation sensor and said second 
locatioivsensor provides six degrees of location 
information. 
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Claim 21. (Original) 



The method of Claim 20 wherein said /first 
location sensor and said second locatior/sensor 
each provide six degrees of/ location 
information. 



Claim 22. (Original) 



The method of Claim 17 wherein at least one of 
said location sensors is An electromagnetic 
location sensor. 



Claim 23. (Original) 



The method of Claim/ 16 wherein said contact 
electrode is a bipolar/electrode. 



Claim 24. (Original) 



The method of Claim 16 wherein said array of 
non-contact electrodes comprises from about 
twelve to /about thirty-two non-contact 
electrodes. 



Claim 25. (Original) 



The method of Claim 24 wherein said array of 
non-contact electrodes comprises from about 
sixteen to about twenty-four non-contact 
electrodes. 



Claim 26. (Original) 



le method of Claim 17 including determining 
^aid geometry of said heart chamber from the 
'location information provided by of each of said 
location sensors. 



Claim 27. (Original) 



The method of Claim 16 wherein said 
generating step (e) comprises computing the 
location of said contact electrode and each of 
said non-contact electrodes, said locations being 
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Claim 28. (Original) 



the location of said contact electrode and s6id 
non-contact electrodes during acquisition pi said 
electrical and location information. 

The method of Claim 27 wherein s&id chamber 
geometry is derived from the location of said 
contact electrode and each of^aid non-contact 
electrodes during acquisition step (d). 



Claim 29. (Original) 



The method of Claim 28 therein said electrical 
map is derived from: 



(i) the location of/said contact electrode and 
of each of jiaid non-contact electrodes 
during acquisition of said electrical and 
location information; and from 

(ii) the electrical information acquired by the 
contact /electrode at each of said contact 
points.' 



Claim 30. (Original) 



The method of Claim 29 wherein said electrical 
characteristics intermediate said contact points 
are derived from the electrical information 
acquired from said non-contact electrodes. 



Claim 31. (Original) 



The/method of Claim 27 wherein said electrical 
map is derived from: 

i)^ the location of said contact electrode and of 
each of said non-contact electrodes during 
acquisition of said electrical and location 
information; and from 
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Claim 32. (Original) 



Claim 33. (Original) 



Claim 34. (Original) 



Claim 35. (Currently 
Amended) 



ii) the electrical information acquired by sa 
contact electrode and each of said non- 
contact electrodes. 

The method of Claim 16, including/ablating a 
portion of said heart chamber b^sed on said 
electrical map. 




The method of Claim yi which further 
comprises validating the ^effectiveness of the 
ablation procedure. 



The method of Claim 33 wherein said validation 
comprises acquiring additional electrical 
information worn said catheter following said 
ablation procedure. 



A method for generating an electrical map of a 
chamber of a heart, said map depicting an 
electrical characteristic of the chamber as a 
function of chamber geometry, said method 
cqmprising the steps of: 

a) providing a catheter comprising a 
body having a proximal end and a 
distal end, said distal end having a 
distal tip; an array of non-contact 
electrodes on said distal end of said 
body, said array having a proximal 
end and a distal end, wherein said 



non-contact electrodes are linearly 
arranged along a longitudinal axis of 
said body; and at least one/location 
sensor proximate to sajd catheter 
distal tip; 

b) advancing said catheter into said 
chamber of said heart: 

/ 

c) using a signal processor to determine 
d e t e rmini ng a ^location of said non- 
contact electrodes using said at least 
one location sensor wherein the 
location / of said non-contact 
electrodes defines a cloud of space; 

d) contacting a wall of said chamber of 
saic^/heart with said catheter distal tip 
at,a plurality of contact points; 

e) Requiring electrical information and 
location information from each of 
said non-contact electrodes and said 
at least one location sensor, 
respectively, using the signal 
processor, said acquisition taking 
place over at least one cardiac cycle 
while said catheter distal tip is in 
contact with each of said contact 
points; 

determining a minimum volume of 
said heart chamber geometry with the 
signal processor using the defined 
cloud of space from the location of 
the non-contact electrodes; and 
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g) generating an electrical map of said 
heart chajnb€r from said acquired 
location and electrical information. 



Claim 36. (Original) 



Claim 37. (Original) 



The method of Claim 35 wherein said aMea 
one location sensor comprises a first^location 
sensor and a second location sense 




The method of Cla^^^/wherein said first 
location sensor^is proximate to said catheter 
distal tip. 



Claim 38. (Original) 



The method of Claim 37 wherein said second 
location sensor is proximate to the proximal end 
of said electrode array. 



Claim 39. (Original) 



Claim 40. (Original) 



The method of Claim 35 including ablating a 
portion of said heart chamber basecj/on said 
electrical map. 



The method of Claim/ 39 which further 
comprises validating the effectiveness of the 



ablation procedure. 



Claim 41. (Original) 



Claim 42. (Currently 
Amended) 



The method of Claim 40 wherein said validation 
comprises / acquiring additional electrical 
information from said catheter following said 
ablation procedure. 



Apparatus for generating an electrical map of a 
chamber of a heart, said map depicting an 



Serial No.09/506,766 14 



7- 



electrical characteristic of the chamber as a 
function of chamber geometry, said apparatus 
comprising: 

(a) a console comprising driver circuits 
operativelv connected to jat least one 
electromagnetic field 4 enerator f° r 
generating an electromagnetic field, the 
console also comprising a signal 
processor for determining location 
information; / 

(b) a catheter comprising: 

a catheter including a body having a 
proximal end/and a distal end, said distal 
end having' a distal tip; a contact 
electrode jdX said distal tip; an array of 
non-contact electrodes on said distal end 
of said body, said array having a 
proxknal end and a distal end, wherein 
said' non-contact electrodes are linearly 
arranged along a longitudinal axis of said 
body; and at least one location sensor on 
/said distal end of said body for 
generating signals in response to the 
electromagnetic field which is used by 
said signal processor to determine a 
location of said contact electrode and a 
location of said non-contact electrodes, 
the location of the non-contact electrodes 
determined by said signal processor from 
said signals generated by said at least 
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one location sensor, said signal processor 
using said location of the non^contact 
electrodes to define defining 2/ cloud of 
space representing a minimurfi'volume of 
the chamber geometry of the heart; said 
catheter being adapted Ao contacting a 
wall of said chamber of said heart with 
said contact electrode at a plurality of 
contact points; ^aid mid — a signal 
processor operati^ely connected to said 
catheter for / acquiring electrical 
information g4id location information 
from each oftfeaid contact electrode and 
said non-contact electrodes and location 
sensors, respectively, over at least one 
cardiac / cycle while said contact 
electrode is in contact with each of said 
contact points, said signal processor also 
generating an electrical map of said heart 
chamber from said acquired location and 
electrical information. 



Claim 43. (Original) 



The apparatus of Claim 42 wherein said catheter 
comprises a first location sensor and a second 
location sensor. 



Claim 44. (Original) 



The apparatus of Claim 43 wherein at least one 
of said first location sensor and said second 
location sensor is an electromagnetic location 
sensor. 
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Claim 45. (Original) 



The apparatus of Claim 43 wherein said fii'st 
location sensor is proximate to said catheter 
distal tip. 



Claim 46. (Original) 



The apparatus of Claim 45 wherejn said second 
location sensor is proximate to the proximal end 
of said electrode array. 



Claim 47. (Currently 
Amended) 



Apparatus for generating an electrical map of a 
chamber of a heart; said map depicting an 
electrical characteristic of the chamber as a 
function of chamber geometry, said apparatus 
comprising: ^ 

(a) console comprising driver circuits 
operativelv connected to at least one 
electromagnetic field generator for 
generating an electromagnetic field, the 
console also comprising a signal 
processor for determining location 
information; 
catheter comprising: 

a catheter including a body having a 
proximal end and a distal end, said distal 
end having a distal tip; an array of non- 
contact electrodes on said distal end of 
said body, said array having a proximal 
end and a distal end, wherein said non- 
contact electrodes are linearly arranged 
along 
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a longitudinal axis of said body; itnd at 
least one location sensor proximate to said 
catheter distal tip for generating signals in 
response to the electromagnetic field 
which is used by the signal processor to 
determine a location ofiaid non-contact 
electrodes, the location of said non- 
contact electrodes d/termined by said 
signal processor for said signals generated 
by said at least orL location sensor, said 
signal processor/ using said location of 
said non-contact electrodes to define 
d e fining a cloud of space representing a 
minimum ^volume of the chamber 
geometry of the heart; said catheter being 
adaptedy/o contacting a wall of said 
chamber of said heart with said catheter 
distal /tip at a plurality of contact points; 
said /and-a signal processor fet= acquiring 
electrical information and location 
information from each of said electrodes 
and location sensors, respectively, over at 
l^ast one cardiac cycle while said catheter 
/distal tip is in contact with each of said 
contact points; said signal processor also 
generating an electrical map of said heart 
chamber from said acquired location and 
electrical information. 
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Claim 48. (Original) 



The apparatus of Claim 47 whereya-^aid at least 
one location sensor compps^s a first location 
sensor and a second location sensor. 



Claim 49. (Original) 



The apparatus of Claim 48 wherein at least one 
of sz&a first location sensor and said second 
loefation sensor is an electromagnetic location 
sensor. 



Claim 50. (Original) 



The apparatus of Claim 48 wherein §aka first 
location sensor is proximate to^said catheter 
distal tip. 



Claim 5 1 . (Original) 



The apparatys^of Claim 50 wherein said second 
locatioja / £ensor is proximate to the proximal end 
of^aid electrode array. 



